Abstract. The paper analyzes crisis situations solved by The Fire Rescue Service of the South Moravian Region (FRS) in the city of Brno during 24 weeks between 7 th April 2013 and 20 th September 2013. The article deals briefly with all FRS actions and then focuses on fires. The open-access database of FRS is used for analysis. It is accessed from a database of the innovative web application StreetAlert, which allows users to learn about current fire brigade actions in the specified distance from the mobile phone. The data are processed in PostgreSQL and then spatial analysis is performed using the most detailed administrative division of the city -basic settlement units. As this division of urban space is used also in the most recent Czech census (2011), it is possible to use sociodemographic statistical data for comparison. The article identifies spatial regularities in the distribution of fires, describes the structure of the fires in terms of the type of event (fires of waste, fires of grass and forest, fires of buildings), discovers their possible dependence on the specific characteristics of urban space, finds potentially dangerous places (kernel density analysis), draws valid conclusions applicable to similar settlements, and shows the possible use of the data for local government. The main benefit of the research lies in revealing the spatial distribution of the examined phenomena.
Introduction
Spatial modelling helps to understand dependencies between urban socioeconomic variables and other important phenomena such as fire brigade actions. The database of The Fire Rescue Service (FRS) actions in Brno, Czech Republic provides the background for the research on the activities of the FRS and spatial distribution of these events. The goals of the paper are:
(1) modelling of FRS actions, (2) understanding the spatial distribution of these events, (3) explaining the dependencies on other phenomena within urban space, (4) understanding the causes of these situations, (5) improving the preparedness of The Fire Rescue Service and the decision-making process of governmental authorities. Giddens (1999) says: 'We live in a world where hazards created by ourselves are as, or more, threatening than those that come from the outside'. Fire is understood to be one of natural hazards, but the types of fires mentioned in this study certainly can be taken as hazards created by ourselves. Giddens also distinguishes between the terms 'hazard' and 'risk': 'Risk refers to hazards that are actively assessed in relation to future possibilities'. Again risks are sorted by their causes. External risk is coming from the outside, for example from nature. Savanna fires fall into this category, whereas fires of waste or fires of buildings are examples of manufactured risk, risk which is created by the very impact of our developing knowledge upon the world'.
'Spatiotemporal analysis of fire incidents could provide useful information for planning of fire prevention and response activities in terms of risk identification, resource targeting and routing of fire personnel and equipment, allocation of preventative measures, and policy evaluation ' (Asgary, 2010) . This kind of information can be very useful for reducing risk, addressing social and institutional capacities, reducing the vulnerability of cities, maximum utilizing of the resilience of the public and for using the best practices for handling urban fire events (Pelling, 2003) .
Previous ecological research found an association between fires and housing conditions and population density (Jennings, 2013) . Expected associations between poverty, substandard and overcrowded housing and increased fire incidence were generally approved (Fahy, 1989 in Jennings, 2013 .
The socio-economic factors which increase fire risk according to the study based on New-Zealand 1993-1998 data of fatal fire incidents were: under-education (% of persons aged over 25 with less than 8 years schooling), housing crowdedness (% of households with more than one person per room), and poverty (% of persons below the poverty level). On the other hand, the factors which generally decrease fire risk were home ownership, adequate income, parental presence, and good education (Duncanson et al, 2002) . Other studies also analyzed population density, demographic characteristics, buildings types and the level of education which were found to correlate with such variation (Krisp et al, 2005; Corcoran et al, 2007) .
Detecting hot spots in kernel density estimation is a very popular spatial technique used in more recent studies (e.g. Asgary, 2010; Corcoran et al, 2007) . Chetri et al. used 22 socioeconomic variables in the construction of the index of social deprivation and observed that areas with lower social status resulted in higher incidence of fires (Chetri, 2010) . Corcoran et al. (2011) created a framework for the conceptualization (Fig. 1) of fire incidents on extensive research in New South Wales which included socioeconomic characteristics, calendar events and temperature, rainfall and humidity. This framework showed many variables which can be very dif-ficult to obtain. The Czech Integrated Fire Rescue Service (FRS) uses another framework for evaluating the conditions of fires and improving fire rescue management. (Janata et all, 2009; Skalská et al., 2010) . The framework by Corcoran et al. (2011) can be used also in the conditions of central Europe.
In studies of fires and risks events it is also important to perform a holistic kind of research, which uses sophisticated quantitative analytical techniques in collaboration with qualitative research, which is based on behavioral or humanistic aspects of geography and on rethinking objective space in the city. This type of research is covered by population-based studies. For example, Wallace and Wallace (2001) investigate the impact of specific individuals within the community which can cause higher fire risk.
The application of research is also an important part of the discussion about fire incidents. Collaboration between academics and fire services is essential for understanding fire incidence and loss better, improving fire safety and reducing the toll of fire, especially for those communities at greatest risk of fire (Jennings, 2013) . Krömer et al. (2010) introduced special cumulative risk maps, which integrate maps of fire events (or other possibilities such as floods) and maps of insecurity or maps of vulnerability, with areas which have different levels of vulnerability (critical points of infrastructure, population areas, etc.) and also a map of preparation services with locations of basic points of fire rescue services, hospitals, police and early-warning systems (Krömer et al., 2010) .
Reducing vulnerability has a fundamental role in risk management strategies. Vulnerability can be considered in terms of five components (1) initial well-being, strength and resilience, (2) self-protection, (3) social protection, (4) livelihood resilience, and (4) social capital. (Wisner et al, 2005) . All components are strongly cross-related and determined by political, economic or social processes.
The perception of actors and their interpretation of phenomena also play a highly important role in risk management. Sjöberg (1999) shows the differences of perceptions of risk management by the public and by experts. In the interpretation of risk management the typology of experts is important, because experts often play the roles of "Promotors" or "Protectors". Experts in the role of "protectors" warn people about a risk that they do not know about or neglect to protect themselves against. Promoters, on the other hand, regret that people are too much concerned about risks and ask how they can be convinced that those risks are not so large. (Sjöberg, 1999) . In the interpretation of risk assessment an expert has to realize his or her role in the preservation of scientific interpretation.
Modelling of fires as a multidisciplinary research covers social and physical geography, geoinformatics, statistics or even psychology. In our study we will focus on the geographical and statistical aspect of the problem. Whilst GIS methods will allow us to view and analyze the quantitative nature of fire events, the contribution of advanced statistical technics, psychology specialists and experts, who know the local conditions is still needed for a deeper comprehension or interpretation of the phenomena.
Research material and methods

Research area
The city of Brno, the second largest city in the Czech Republic with population of 385 913 (Census, 2011) , is located in the South Moravian region (Fig. 2) on the confluence of the Svratka and Svitava rivers. Brno has a historical centre with mostly Art Nouveau buildings built after the city renewal at the beginning of the 20 th century. The centre is surrounded by a ring "strasse" -a copy of the original Viennese urban element. The structure of the city then changes from villas or family houses near the centre to housing estates on the periphery. 
Data and methods
Input data were primarily provided by The Fire Rescue Service of the South Moravian region for an/ /the application called "Streetalert", which was developed by one of the authors of this paper. The application can report on a mobile phone the real time FRS actions at a chosen distance from the mobile phone (Řihák, Veselý, 2012) . A part of this large amount of data was then exported into text format and used for this study. The authors received access to the period of less than 24 weeks (7 th April 2013 and 20 th September 2013). The data contain events from the whole region of South Moravia (3500 events) -977 events in the research area of Brno (Fig. 3) . Among the most important categories there were fires (31 %) and car accidents (12 %), but the structure of FRS actions is significantly more heterogeneous. It comprises 10 more categories, e.g. tree removal, liquidation of dangerous insect, water issues or blocked up rooms. The text database was edited with the tools of PostgreSQL. Table output from PostgreSQL was transformed into spatial data in ArcMap 10.1. The point shapefile was statistically analyzed and visualized in the ArcGIS environment. The performed analyses included Kernel Density analysis, which creates a raster with the values of count of events in a given distance (750 m). The raster helps to identify key problem localities with a higher density of fires.
The analysis of all FRS actions showed a natural accumulation tied to densely inhabited areas in the centre of Brno and northwards from the centre. It is also possible to identify main roads as locations with a higher accumulation of FRS actions (Fig. 4) . However, it is not possible to draw a valid conclusion due to the very heterogeneous nature of FRS actions. It was decided to focus only on fires, because they are the most frequent class of events. This restriction also allows us to find the driving forces of the phenomenon and to identify how deeply they depend on certain urban processes and patterns.
Research Results
Overview
At first we discovered a possible dependence of fires on the specific characteristics of urban space. There is a considerable concentration of fires in the centre and in other places with a higher density of population. This relation is expectable and is proven by the computed kernel density map (Fig. 5 ) and the choropleth map (Fig. 6 ). Fig. 5 shows two "beams" with a higher occurrence of fires -in the north-western and south-eastern direction. The north-western beam is characterized by a very high population density; the south-eastern beam has an average population density but a lower state of buildings. It is also possible to identify "safe" areas (areas without fires or with a low concentration of fires) tied to the location of family houses and higher social status of their inhabitants.
The comparison of the fire count in a specified administrative unit with the population density in the unit was described above. Another socioeconomic characteristic of urban space which could have some relation with fire count is unemployment rate as a an indicator/ a sign of the social status of inhabitants. There can be seen visual similarity in the distribution of those two phenomena in Fig. 6 . Performed statistical analysis (correlation) showed the same results, but the results were not statistically significant because of lack of data quantity. When focusing on the "fires of buildings" category we observed some similarities to fires as a whole. Obviously, there is a relation between the state of a building and fire frequency. We expected concrete high-rise blocks to be more vulnerable to fire events, but our assumption was not correct, as can be seen in the Fires of buildings map (Fig. 7.) . The map shows a concentration of fires in the center and therefore we expect that fires of buildings correlate more with the characteristics of inhabitancy such as population density or wealth of inhabitants.
A higher number of building fires correlates with the "problem" areas of Brno, with a worse social structure and older brick buildings. Fires of flats in housing estates in the outskirts are much less frequent.
Concerning the other chosen category "fires of forest and grass" -there is a relatively high rate of fires in recreational sites such as Brno dam (Bystrc) or other parts of the city that are still of rural nature (Mokrá Hora). This is caused by the seasonal increase of population in the case of Bystrc, espe- cially in summer months (with additional risk factors such as alcohol or drugs) and by different risk factors such as burning the grass in the gardens of Mokrá Hora.
The third category is "fires of waste". Fig. 8 displays an apparent linkage between population density and count of events, but it is not as strong as in the categories "fires of buildings" or fires as a whole. Actually, other hidden variables are not so easily quantifiable. For example, the count of waste containers has a certain impact, but unfortunately we are not able to access such data. A high frequency of fires of waste in a particular location can also indicate an action of an arsonist. Fig. 8 shows an unexpected concentration of fires in Žabovřesky city part that is composed of prefab panel houses. If we zoom to higher detail, the map will show concentration in one particular street.
Discussion
To repeat the procedure in similar settlements it is important to acquire data about a sufficient number of events including the exact location and identification within the category of fire events. The result depends on the quality of the data and on the correct categorization. There is no chance to discover the set of causes for a category listing, for example, fires of high buildings together with grass fires. As all events in the category of high buildings are very diverse, with multiple causal factors, we need huge data to perform valid statistical research. The key aspect of this methodology was a study of places with a higher occurrence of events using the methods of spatial statistics and kernel density estimation together with the expert interpretation of the structure of the city.
It is also necessary to consider the limitations of geostatistics. Geostatistical models often do not adequately consider qualitative indicators like psychological space relationships, information, flows, the actors, their behavior or thinking. Therefore, it is necessary to know the local conditions, to have an expert view, to be aware of data limitations, and to be familiar with the problem of perception and representation of geographic reality.
Engineering approach of GIS with statistical methods of data processing, kernel density, togeth- Brno, 2013 and ARCDATA Praha, 2013 er with the underlying layers of other characteristics (density, social status) is, however, necessary to combine with knowledge about space and place.
The collected data did not deliver an explanation of the causes, because the diversity of causes is immeasurable. We discovered that building fires and waste fires are found in areas with higher density, but other characteristics are not as provable.
A slightly segregated part of the town (around streets Cejl and Bratislavská), with a higher frequency of fire events, is tied with lower social standards, older equipment, higher unemployment, but also with the highest population density in the city. We cannot prove which of the factors is the key one and whether only these factors in these events play such an important role.
A deeper analysis of fire situations (people involved in the accident and the conditions that played a role) shows strong diversity and therefore the results cannot provide clear dependence on other phenomena. In this context, collaboration between experts at fire events and scientists who can provide the imaging and geographic representation for optimal evaluation of the situation is very fruitful.
Conclusion
Geographical modelling of fire events provides a very useful technique to display many events on the map and gain knowledge about their causes, which is useful for more efficient actions of fire rescue services. It is important to separate different types of fires and make research with a high number of events for detecting causes of fires.
Crucial findings concerning fires in Brno: · fires of high buildings are more concentrated in places with high population density and places with lower social status and higher unemployment, · fires of waste are also concentrated in the center of the city and in the panel housing estate Žabovřesky, · generally, fire events are less common in places with higher social status, lower concentration of population (family houses); the only exception to this rule is the relatively high rate of fires in recreational sites such as Brno dam (Bystrc) or parts of the city that are still of rural nature (e.g. Mokrá Hora). These exceptions are caused by the seasonal increase of population density in the case of Bystrc and by different risk factors such as burning the grass in the gardens of Mokrá Hora, · to gain more precise results it is essential to involve another type of data (field research, discussion with firefighters). However, it is necessary to consider the restrictions of geostatistics and realize that fires are caused by multiple/various reasons. To verify the results discovered in this work, close collaboration with the FRS is necessary.
Higher concentration of , for example, waste fires in certain locations (in winter explained mostly by the activity of the homeless) should be useful for police prevention. The city government should therefore deal with much deeper causes which lead to fires. Generally, maps of problem areas provide governmental authorities with more information about risk areas and allow a more efficient allocation of resources -for preventing, planning and also for creating effective strategies for territorial development which will be more focused on those risk areas.
